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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Length- 
Time_.- 
Force_- 



Power^ 
Speed _ 



Symbol 



I 
t 

F 



Metric 



Unit 



meter 

second 

weight of one kilogram _ 



kg/m/s_ 
fkm/hr.. 
Im/s 



Svmbol 



m 

s 



k.p.h. 
m. p. s. 



English 



Unit 



foot (or mile) 

second (or hour) 

weight of one pound 

horsepower 

mi./hr. 

ft. /sec. 



Svmbol 



ft. (or mi.) 
sec. (or hr.) 
lb. 



hp 

m. p. h. 
f. p. s. 



W, Weight, = m^ 

a, Standard acceleration of gravity = 9.80665 
m/s2 = 32.1740 ft./sec.^ 

m, Mass,= — 

p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m""-^ 

s2) at 15° C and 760 mm = 0.002378 (Ib.- 

ft.-^ sec.2). 

Specific weight of '^standard air, 1.2255 /, 
kg/m3 = 0.07651 Ib./ft.^ ^i, 



2. GENERAL SYMBOLS, ETC. 

mZ:^, Moment of inertia (indicate axis of the 
radius of gyration, Tc, by proper sub- 
script). 
Sj Area. 
Siuj Wing area, etc. 
G, Gap. 
6, Span, 
c, Chord length. 
Aspect ratio. 

Distance from C. G. to elevator hinge. 
Coefficient of viscosity. 



3. AERODYNAMICAL SYMBOLS 

V, True air speed. 
5, Dynamic (or impact) pressure = 



L, Lift, absolute coefficient Cx.==^ 
Dy Drag, absolute coefficient Cn = ^ 



force, absolute coefficient 



C, Cross-wind 

Rj Resultant force. (Note that these coeffi- 
cients are twice as large as the old co- 
efficients Lc, Dc.) 

i^y Angle of setting of wings (relative to thrust 
line). 

it, Angle of stabilizer setting with reference to a, 
thru?.t line. e, 



7, Dihedral angle. 

p — > Reynolds Number, where Z is a linear 
^ dimension. 

e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0° C: 255,000 
and at 15° C, 230,000; 
or for a model of 10 cm chord 40 m/s, 
corresponding numbers are 299,000 and 
270,000. 

Center of pressure coefficient (ratio of 
distance of C. P. from leading edge to 
chord length). 
Angle of stabiUzer setting with reference 

to lower wing, = (it — ito)' 
Angle of attack. 
Angle of downwash. 
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SUMMARY 

Measurements were made in the Variable Density 
Wind Tunnel of the National Advisory Committee for 
Aeronautics to determine the distribution of pressure over 
one section of an R. A. F. 30 {symmetrical) airfoil with 
trailing edge flaps. In order to study the effect of scale ^ 
measurements were made with air densities of approxi- 
mately 1 and 20 atmospheres. 

Isometric diagrams of pressure distribution are given 
to show the effect of change in incidence ^ flap displace- 
ment, and scale upon the distribution. Plots of normal 
force coefficient versus angle of attack for different flap 



is desirable to reduce the more general problem, first to 
one of determining the effect of a flap on the air forces 
acting at one section of a simple symmetrical airfoil. 
This report deals with an experimental investigation ol' 
this problem, the air forces being determined by meas- 
uring directly the pressures at points along one section 
of an R. A. F. 30 airfoil with flap. 

This investigation is a part of a general investigation 
of the distribution of pressure over airfoils in the 
Variable Density Wind Tunnel at the Langley Memo- 
rial Aeronautical Laboratory. The purpose of the 
larger program is to study scale effect, and this part in 




KiGUUK 1.— Motlel K. A. F. :iO airfoil wilh trailing oiijie Ilap 



displacements are given to show the e ffect of a displaced 
flap. Finally J plots are given of both the experimental 
and theoretical characteristic coefficients versus flap angle y 
in order to promde a comparison with the theory. It is 
concluded that for small flap displacements the agree- 
ment for the pitching and hinge moments is such that it 
warrants the use of the theoretical parameters. However, 
the agreement for the lift is not as good, particularly for 
the smaller flaps. In an appendiXy an example is given 
of the calculation of the load and moments on an airfoil 
with hinged flap from these parameters. 

INTRODUCTION 

Since a lifting surface with a trailing edge flap forms 
a pnvl of the control system of piactically every aii- 
piane, a study of such a surface is of particular im- 
portance. Some few tests have been made on airfoils 
having traihng edge flaps and among these is a force 
test in the Variable Density Wind Tunnel on an 
N. A. C. A-M6 airfoil. (Reference 4.) However, it 



particular, to study the effect of a flap. In keeping 
with the tendency toward snuiUer flaps a 10 per cent 
chord flap has been included and it would seem desira- 
ble that even smafler flaps be iiu'liidod in future 
investigations. 

APPARATUS AND TESTS 

A diagrammatic sketch of the redesigned Variable 
Density Wind Tunnel of the National Advisory Com- 
mittee for Aeronautics and a description of the pres- 
sure distribution apparatus are given in RefereiU'e 2. 
A manually operated nuiltiple-tube alcohol nuino- 
nu^ter was used to measure the pressure on tlu^ wing 
in the l-atmosphere tests, but for the 20-atmosphere 
tests it was necessary to use an automatic photo- 
recording manometer. A simihir instrunuMit is de- 
scribed in Reference 10. 

The ordinates of the symmetrical R. A. F. 30 airfoil 
were taken from Reference 3 and are given in Figure 2. 
The model, shown in Figure I, had a 10-inch chord 
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and 72-iiich span, allowing it to extend across the 
60-inch open test section and into the dead air space 
on both sides. It was constructed of mahogany, 
except for metal flaps. The entire 15 orifices were 
located at one section in the center of the airfoil and 
over one surface, as shown in Figure 2. Due to the 
symmetry of the section it was only necessary to 
record pressures on one surface, the pressures on the 
other surface being obtained from a similar record 
made with equal, but opposite, angles of attack and 
flap displacement. (The angle of attack, a, is the 
angle of attack of the forward part of the airfoil.) 
For example, the pressure distribution over the sec- 
tion with a flap angle, 5, of +40° and an angle of 
attack, a, of + 9° is found as follows : The upper surface 
pressures are given by the test in which 5 = 40° and 
a = 9°, and the lower surface pressures by the test 
in which 6 = - 40° and a = - 9°. 

Pressures were measured for 10 and 20 per cent 
chord flaps with flap settings 0°, ±10°, ±20°, ±30°, 



in neutral position. These diagrams were mechanically 
integrated to obtain the coefficients of normal force, 
pitching moment about a point one-quarter of the 
chord behind the leading edge, flap load, and hinge 
moment, the coefficients being defined by the following 
expressions : 



• Om — 



qS 
qSc 



qSfCf 



where F is the resultant pressure force normal to the 
chord, M the corresponding moment about the quar- 
ter-chord point, Ff the resultant pressure force on 
the flap normal to the chord of the flap, and the 
corresponding moment about the flap hinge. The 




20 per ceni chord flap 



% c'd 0 1.25 2.5 5 1.5 /0 15 20 30 40 50 60 .10 80 90 95 100 
Up'r. O.OO I.eO 2.48 3.46 4.15 4.68 5.44 5.94 6.32 6.20 5.66 4.76 3.70 2.50 1.30 .10 0.00 
'w'r 0.00 -1.60 -248 -3.46 - 4.15 -4.68 -5.44 -5.94 -6.32 -6.20 -5.66 -4.18 -3.70 -250 -1.30 -. 10 0.00 
Figure 2.— R. A. F. 30 sections showing pressure orifice locations for 10 and 20 per cent chord flaps 



±40°, and ±50°, positive flap angles indicating a 
downward displacement. The angle of attack, a, 
was varied in 3° intervals from —21° to +21° for the 
10 per cent chord flap and from -28° 30' to +28° 
30' for the 20 per cent chord flap. The tests were 
made with air pressures in the tunnel of approximately 
1 and 20 atmospheres, corresponding to Reynolds 
Numbers of approximately 0.356X10^ and 6.70 XIO^ 

RESULTS 

The results of this investigation are given in the 
form of diagrams and curves in Figures 3 to 23, 
inclusive. The diagrams showing the distribution of 
pressure were obtained by plotting the ratio 'pjq^ the 
local pressure 'p at each orifice, measured with respect 
to the pressure in the dead air space about the jet, 
divided by the dynamic pressure g, against the location 
of the orifice along the chord. 

It should be noted that in the construction of the 
diagrams, the chord of the wing is taken the same in 
all diagrams; namely, the chord of the wing with flap 



subscript / refers to the flap, the flap chord, Cf, being 
measured from the hinge. 

The system of plotting the pressures on the flap 
introduces a small error in the values of Cnf and Cm 
but does not aftect the values of CwPf and Cn- A better 
approximation would be to assume that the pressures 
act normal to the broken line representing the mean 
camber line of the section. The corrected coefficients 
of normal force and pitching moment would then be: 

Cnf {cov,) = CNy~E (1-cos 6) Cnf^ 
Cm (cor.) = Cm + E (1 - cos b) (.75 - E) Cv^. 

Inasmuch as the theory is based on an assumption 
which gives accurate values only for small flap angles, 
the above corrections have no bearing on the com- 
parison between theory and experiment. 

Isometric diagrams showing the distribution of 
pressure under typical conditions are given in Figures 
3 to 11. In Figures 3 to 8 both the low and high 
Reynolds Number data, for the airfoil with 20 per 
cent chord flap, have been plotted together. In 
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Figuros 9 to 11 corresponding low Reynolds Num- 
ber data, for the airfoil with 10 per cent chord flap, 
are plotted, the high Reynolds Number data being 
omitted, since as a result of difficulties with the 
equipment, they were not considered sufficiently reli- 
able to present. 

The integrated data are presented in Figures 12 to 
23 in which the integrated coefficients are plotted 
against angle of attack. In addition to these and 
more pertinent to this investigation the coefficients 



duced by pressure pulsations of iL 10 per cent of the 
dynamic pressure, and the manometer cells were sub- 
ject to errors in their respective calibrations. Further 
recent studies of the effect of temperature on the 
calibrations of the manometer cells have shown that 
errors in the individual pressures as high as 10 per 
cent may have been introduced in this way. A part 
of the difference between the high and the low scale 
results of these tests may, therefore, be due to inac- 
curacies of measurement. 



R.N. .356 10^ 
R.N. 6.70 X 10^ 




Constant flop angle. 
BO To c flap. 6 =30" (down) 



Figure 3 



of normal force, pitching moment, and hinge moment 
are plotted against flap displacement in Figures 25 
to 32. These figures were obtained by cross-fairing 
the original plots. 

In comparing the curves for scale effect it must be 
remembered that the high scale tests were less accur- 
ate than the low scale tests for several reasons. The 
model mounting lacked sufficient rigidity to main- 
tain accurately its angle calibration when subjected to 
the large forces encountered during a high scale run. 
The width of the lines on the photomanometer rec- 
ords was of the order of that which would be pro- 



DISCUSSION 



Distribution of pressure : 

The change in the distribution of pressure over the 
R.A.F. 30 airfoil, resulting from an increase in dy- 
namic scale or Reynolds Number can be observed in 
Figures 3 to 8. In accordance with previous obser- 
vations, the effect is confined largely to the distribu- 
tion in the region of the burble. The burble is very 
definitely delayed by an increase in scale, and the 
negative pressures attained in the high-scale tests 
exceed the negative pressures attained in the low-scale 
tests. Figure 7 shows the distribution in the region of 
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Figure 5 
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Figure 6 
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R.N. .JSSx 10^ 
R.N. 6.70x 10^ 




Figure 7 
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Figure 9 
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Figure 12.— Normal force cocfricicnt vcrsu.s angle of attack Figure 13— Normal force cocfTicicnt versus angle of attack for dillerent 

for (iilTcrent flap angles; 10 per cent c flap. Kcyuolds Num- flap angles; 20 per cent c flap. Reynolds Number 0.356X106 

ber0.35GX106 




Figure 14.— Normal force coefficient versus angle of attack for diflerent flap angles; 
20 per cent c flap. Reynolds Number 6.70X106 



Figure 15.— Pitching moment coeflJicient versus angle of attack for 
diflerent flap angles; 10 per cent c flap. Reynolds Number 0.356X 10 ^ 
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Figure 18 —Flap load coefficient versus angle of attack for dilTerent llap Figure 19— Flap load cocfTicient versus angle of attack for dilTerent flap angles; 

angles; 10 per cent c flap. Reynolds Number 0.350X106 20 per cent c flap. Reynolds Number 0.35GXI06 
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Figure 24.— Theoretical parameters (independent of aspect 
ratio) 



Figure 25.— Normal force coefficient versus flap angle at different 
angles of attack; 10 per cent c flap. Reynolds Number 0.356X10^ 
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P'iGURE 28.— Pitching moment coefficient versus flap angle at different 
angles of attack; 20 per cent c flap. Reynolds Number 0.356X10* 
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Figure 29.— Pitching moment coefficient versus flap angle at different 
angles of attack; 20 per cent c flap. Reynolds Number 6.70X10« 
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tlie burble through the entire range of flap dis])lace- 
ments for the airfoil with 20 per cent chord flap. 

When the forward part of the airfoil is maintained 
at a constant angle of attack and the flap is displaced, 
a series of pressure distribution diagrams showing the 
eflFect of displacing the flap is obtained. Such diagrams 
are given for angles of attack corresponding approxi- 



camber. If the flap is displaced downward, the cajnber 
becomes larger and the airfoil would be expected to 
have a larger negative angle of zero lift and a higher 
maximum lift. The Uft curve below the burble region, 
however, would be expected to remain a straight line 
having approximately the same slope. Referring to 
Figures 12 to 14, it is seen that the effect of displacing 
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Figure 30.— Hinge moment coefficient versu.s flap anple at difTorent 
values of Csp\ 10 per cent c flap. Reynolds Number 0.3r)fiX108 



mately to zero lift, maxijiiiini lift, and to lifts well 
beyond the stall in Figures 6 to 11. As the flap is 
displaced from the neutral position, while the angle 
of the forward part of the airfoil is maintained un- 
changed, a secondary burbling condition may be ob- 
served at the hinge in some of the diagrams. For in- 
stance, in Figures 6 to 8, particularly at 5= —20°, there 



the flap through small angles may be predicted in (his 
way, but for larger flap angles there probably is a 
local burbling condition over the flap which causes 
the flap effect to become more complicated. For 
instance, as previously pointed out while considering 
the pressure distribution diagrams, there is apparently 
a change in flow over the 20 per cent chord flap when 
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Figure 31.— Hinge moment coefficient versus flap angle at different 
values of Csp\ 20 per cent c flap. Reynolds Number 0.356X10* 

is, on the lower surface at the hinge, a noticeable nega- 
tive pressure peak. These peaks, which are more pro- 
nounced at the higher Reynolds Number, disappear as 
the flap angle 5 is increased, indicating burbling of the 
flow over the flap at angles greater than 20°. 

The effect of a flap: 

. An airfoil having its traihng edge flap displaced 
becomes, in effect, a new airfoil having a different 



Figure 32.— Hinge moment coefficient versus flap angle at diflferent 
values of Ca-p; 20 per cent c flap. Reynolds Number 6.70X10* 

it is displaced upward to angles between 20° and 30°. 
At the higher Reynolds Number (fig. 14) the maximum 
normal force coefficient is higher at the larger negative 
flap angle and the normal force coefficient curve has 
an abnormally high slope. At higher negative flap 
angles the normal force curve slope remains high, but 
the maximum normal force falls oft' again. A similar 
effect, but occurring at smaller negative flap angles 
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may be observed in tlie diagrams for the airfoil with 
1 0 per cent, chord flap. 

Theory does not enable the prediction of the maxi- 
mum lift coefficient of an airfoil with a flap, but it 
may be concluded from Figures 12 to 14 that displacing 
the flap downward to angles as large as 50° will produce 
a progressive increase in the maximum lift coefficient, 
and that the airfoil will burble at the same or a 
slightly lower angle of attack as the flap is displaced 
downward. The effect of increasing the scale is to 
increase the maximum normal force coefficient for all 
down-flap settings, the burble angle being approxi- 
mately 3° higher at the high scale, but the change in 
maximum normal force coefficient as a result of dis- 
placing the flap is not as great at the larger Reynolds 
Numbers. In other w^ords, the increase in maximum 
normal force coefficient with scale is greater for the 
small flap displacements. Values of maximum normal 
force coefficient for different flap angles are given in 
the table below. 

Table I 



Flap angle 


-50** 


-40° 


-30° 


-20° 


-10° 


0° 


10° 


20° 


30° 


40° 


50° 


10 per cent c R. N. 0.356 X 
10 « 

20 per cent c R. N. 0.356 X 
10«.--: 

20 tier cent c R.N. 6.70 X 10 


0. 75 
.67 


0.80 

.63 
.83 


0.86 

.66 
.92 


0.92 

.72 
.72 


0. 79 

.81 
.78 


1.02 

1.02 
1.21 


1.11 

1. 21 
1.35 


1.23 

1.38 
1.42 


1.32 

1.52 
1.57 


1.39 

1.64 
1.68 


1.46 
1.72 



Before proceeding with the comparison of theory 
and experiment, it is necessary to consider the effect 
of aspect ratio and determine some means of taking 
this variable into account. Assuming that a change 
in the aspect ratio does not alter the angle of zero lift 
or the distribution of air forces over the airfoil at a 
particular value of the lift, expressions are derived 
containing parameters which are independent of the 
aspect ratio. 

The shift of the angle of zero lift with flap displace- 
ment has been found theoretically by applying Munk's 
integrals to the broken line representing the mean 
camber line of the deformed section (References 4 
and 5.) The theory indicates that this shift is pro- 
portional to the angular displacement of the flap 
for the small angles and may be represented as a 
fraction, k, of the flap displacement angle. For in- 
stance, \ik = 0.5, displacing the flap 10° will produce the 
same change in the Uft as displacing the whole un- 
deformed airfoil through an angle of 5°. The angle of 
attack measured from the angle of zero lift, for a 
symmetrical airfoil with a flap displaced through the 
angle 5, is, therefore, {a + M). Hence 

CL = a{a-{-k8) (1) 

where a is the slope of the lift curve corresponding to 
any particular aspect ratio under consideration and k 
is independent of aspect ratio. Munk's integrals when 
applied to the broken line representing the median line 
of the section, give 



_ cos-' (1 - 2£;) + 2 V£;(i - E) ^^^^ 

TT 

where E is the ratio of the flap chord to the total 
chord. This expression gives the same result as that 
given by Glauert (Reference 6). For convenience, the 
values of k^ as calculated from the above expression, are 
plotted against E in Figure 24. 

Neglecting slight differences between the lift coeffi- 
cient and the normal force coefficient, which for the 
conditions under consideration would not amount to 
more than about plus or minus 2 per cent, the 
experimental and theoretical values of k may be 
compared by referring to the curves of normal force 
coefficient versus flap angle, 5, for constant angles of 
attack, a. Equation (1) indicates that theoretically 
these curves are straight lines having a slope of a k. 

The value of ''a" for this comparison has been 
obtained from the experimental curves. Taking a 
value for a of 0.075 per degree (4.30 per radian) as a 
mean slope of the normal force coefficient curves, lines 
representing the theoretical curves have been drawn, 
together with the experimental curves in Figures 25 
and 26. A comparison of the slopes of the lines in 
Figure 25 shows that for a 10 per cent chord flap only 
about 50 per cent of the theoretical eflect of the flap 
on the normal force coefficient is attained. Increasing 
the flap size to 20 per cent of the chord (fig. 26) pro- 
duces an increase in effectiveness as compared with the 
theoretical, particularly for small flap displacements. 
At the lower Reynolds Number when the 20 per cent 
chord flap is displaced 10°, about 80 per cent of the full 
theoretical effect is reached. Figure 26 shows that the 
high scale results do not agree as well with the theoi-y. 
This might be expected, since previous work has shown 
that small irregularities such as hinges and hinge fair- 
ings produce a much larger disturbance at high scale 
than at low. 

Further evidence of increased eftectiveness of larger 
flaps as compared with the theory is found in Reference 
9. The lift was measured on a symmetrical section 
with a 30 per cent chord flap, hinged in a manner simi- 
lar to the flaps in this investigation. For flap displace- 
ments of 20° and less, about 98 per cent of the theoret- 
ical effect w^as attained. 

The pitching characteristics and center of pressure 
movement are best studied by a consideration of the 
pitching moment taken about a point one-quarter of 
the chord behind the leading edge. The reason for 
taking the moment about this point is apparent from 
Munk's theory, which states that the moment about 
the one-quarter chord point is independent of tlic angle 
of attack and varies directly with the flap angle. 
Therefore, we may write 

Cm= -mh (3) 

where the proportionahty factor m is independent of 
aspect ratio and may be found theoretically from 
Munk's integrals (References 4 and 5), or by Glauert's 
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method (Reference 6). Both methods ^/ivc substan- 
tially the same resnlt. 

rn = ^ l-E)^E{l -E) (4) 

TT 

where Qq is the slope of the lift curve for the airfoil of 
infinite aspect ratio. Experiment indicates (Refer- 
ence 8) that for commonly used airfoils the value of 
ao is approximately 5.5 instead of 27r, as the theory 
shows. Using 5.5 as the value of a^, values of m have 
been calculated for different values of E and plotted 
against E in Figure 24 for convenient reference. The 
theoretical straight lines with slope, — m, are drawn 
together with the experimental points in Figures 27 to 
29. A study of these figures shows that for small flap 
displacements (—10° to +10°) the actual and the 
theory agree closely. It might be added that this 
range covers most of the working range of control 
surfaces. 

The torsional stresses at the hinge due to the air 
forces on the flap are of importance in the design of 
control surfaces. The hinge moment is best studied 
by a consideration of its relation to flap displacement 
and the lift. H. Glauert, in Reference 6, has theo- 
retically derived an expression for the hinge moment 
coefficient (Ct^), which is of the form 

Cn = hoCL-h8 (5) 

It is placed in this form because the parameters ho and 
h are independent of aspect ratio. In brief, Glauert 's 
method consists in assuming a distribution of vorticity 
of the form 

CO 

kdx = cV[Ao{i 4 cos e) I sin ne sin e](Jd (6) 

1 

where the first term gives the vorticity for a straight 
line airfoil and the coefficients of the sine series are 
dependent on the shape of the airfoil. By means of 
the process used in the above reference and noting 
the use of dynamic pressure, K pV^, in place of the 
British usage, pF^ the expressions for the parameters 
ho and h arc found to be 

-(|-2^)(l--«-'V^)] (7) 

- V^BO^] (8) 

For ready reference, values of these parameters are 
plotted against E in Figure 24. The parameter h is 
the most interesting because it is the proportionality 
factor determining the variation in hinge moment with 



flap displacement. It will ho noted that for values of 
Ch plotted against 8 at different lifts, the parameter h 
is a measure of slope, hence straight lines having slopes 
equal to h and representing the theoretical relation- 
ship for lifts corresponding to Cz, = 0, and (7l=.6 are 
drawn together with the experimental points in Fig- 
ures 30 to 32. 

A study of the above figures shows that the para- 
meter h affords a means of theoretically calculating 
the effect of flap displacement upon hinge moment 
coefficient which leads to results which agree closely 
with the actual. The parameter ho, however, does not 
show such good agreement, due probably to a lack of 
precision in the measurement of the small forces 
encoimtered. The percentage error in ho appears 
high because the theoretical values of ho are very 
small. In other words, for flaps of small chord the 
hinge moment depends almost entirely on the flap 
displacement, being only slightly affected by the hft 
or attitude of the airfoil as a whole. 

In order that these equations for the coefficients may 
be applied to airfoils not having symmetrical profiles, 
it is necessary to add a corrective constant to the right- 
hand side of Equations 1,3, and 5. They will then 
take the form 

CL = a(a-ao + Jc8) (9) 

C^f= -m8-{-CMo (10) 

Ch = ho Cj^-hb^Ch, (11) 

The additional constants a^, Cm^i and Ch^ can be 
easily determined for any airfoil. is the angle of 
zero Hft of the undeformed section. Cmq is the pitch- 
ing moment coefficient for the undeformed section and 
(7/,^ is the hinge moment coefficient for (he undeformed 
section at zero lift. 

CONCLUSIONS 

1. Downward displacement of a 10 or 20 per cent 
chord flap, on a R. A. F. 30 airfoil, to angles as large 
as 40° produces a progressive increase in the maximum 
normal force coefficient. 

2. At Reynolds Numbers corresponding approxi- 
mately to full scale for airplane wings the nuixijnujn 
normal force coefficient is higher than low-scale model 
tests would indicate for all downward flap displace- 
ments, but at the higher scale, displacing the flap does 
not produce as great a change in the maximum normal 
force coeflScient. 

3. The pitching moments and hinge moments ob- 
tained from these tests agree very well with the 
theoretical results for small flap displacements, regard- 
less of the size of the flap. 

4. For flaps 20 per cent of the chord or smaller the 
theory does not give a good measure of the actual flap 
effect on the hft. This is particularly true with the 
type of hinge used and at the higher values of the 
Reynolds Number. 
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5. The effect of flaps should be further investigated 
at large values of the Reynolds Number to find the 
effect of different types of hinges and fairings at the 
hinge, including also slots between the airfoil and the 
flap. 

Langley Memorial Aeronautical Labora- 
tory, 

National Advisory Committee for Aero- 
nautics, 

Langley Field, Va., April 2, 1930. 
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APPENDIX 



COMPUTATION OF WING LOAD CHARACTERISTICS BY 
MEANS OF THEORETICAL PARAMETERS FOR A 
WING WITH HINGED FLAP 

In order to illustrate the use of the theoretical 
method, it has been felt desirable to give a numerical 
example using the theoretical parameters as a basis 
for monoplane wing load calculations. The lift, pitch- 
ing moment (about the one-quarter chord point), and 
the hinge moment are computed for a symmetrical 
rectangular monoplane wing having a trailing edge 
flap. The dimensions of the wing and the conditions 
of flight are given below. 

Span 50 feet. 

Chord 7 feet. 

Flap chord 1-4 feet (20 per cent 

chord) . 

Thickness 12 per cent chord. 

Incidence (a) 5 . 

Flap angle (5) 10° (.1745 radian). 

Velocity 100 P- 

Calculation of the coefficients : 

The coefficients are computed by means of Equations 
9, 10, and 11. The values of the 4 parameters {k% m, 
ha, and h) are read from the curves in Figure 24, and 
since the section is symmetrical, the constants a^, 
Cm,, and Cn^ are zero. The slope of the lift curve, 
a, is dependent upon aspect ratio and may be calculated 
by the method of Reference 8. 

a = — = .074 per degree (12) 

l+J^(l + r)57.3 

From Figure 24 the value of k is found to be 0.549, but 
experiment has shown this to be too high. Hence, the 
value used is computed from the high scale curves in 
Figure 2G, the slope of the curves being equal to a k. 

a k = .023 per degree 



Ci=. 074(5 -I- .307X 10) 
= .598 

= -. 560 X. 1745 
= - .098 

From this value of the moment coefficient the center of 
pressure may be found approximately by dividing by 



.598 
= -.164 

This represents the distance of the center of pressure 
measured as a fraction of the chord from the quarter- 
chord point. The negative sign indicates that it is 
behind this point. 



= - .080 X. 598- 
= -.161 



-. 650 X. 1745 



Calculation of the Loads : 

The total loads are computed from the following 
equations in which S is the area, c is the chord, and q, 
the dynamic pressure. 

1 o 1 ^^^oo /lOOX 5280V 
1 py2 = _X. 00238 x( -3300--) 

= 25.6 pounds per square foot. 

= .598X25.6X350 
= 5360 pounds. 

= - .098X25.6X7X350 
= -6150 pound-feet. 

= -.161X25.6X1.4X70 
= - 404 pound-feet. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 


Force 
(parallel 
to axis) 
symbol 


Moment about axis 


Angle 


Velocities 


Designation 


Sym- 
bol 


Designa- 
tion 


Sym- 
bol 


Positive 
direction 


Designa- 
tion 


Sym- 
bol 


Linear 
(compo- 
nent along 
axis) 


Angular 


Longitudinal ___ 
Lateral 


X 
Y 
Z 


X 
Y 
Z 


rolling 

pitching 

yawing 


L 
M 
N 


Y > Z 

Z >X 


roll 

pitch 


$ 

e 


u 

V 

w 


V 
r 


Normal 


X >Y 


yaw 









Absolute coefficients of moment 
L ^ M 



ghS 



qcS 



C - ^ 



iingle of set of control surface (relative to neu- 
tral position), 8. (Indicate surface by proper 
subscript.) 



4. PROPELLER SYMBOLS 



Pa 
I>s> 



Diameter. 
Effective pitch. 
Mean geometric pitch. 
Standard pitch. 
Zero thrust. 
Zero torque. 
79/2?, Pitch ratio. 

Inflow velocity. 
Fs, Slip stream velocity. 



5. NUMERICAL RELATIONS 



T, Thrust. 
Torque. 
Power. 

(If '^coefficients'' are introduced all 
units used must be consistent.) 
77, Efriciency=r F/P. 
7^, Revolutions per sec, r. p. s. 
iV, Revolutions per minute, r. p. m. 

Effective helix angle = tan""^ 1 ^ 1 
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1 hp = 7G.04 kg/m/s = 550 Ib./ft./sec. 
1 kg/m/s = 0.01315 hp 
1 mi./hr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. 



1 lb. =0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m = 3.2808333 ft. 



